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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicants : 



Olivier ROUSSEAUX et al . 



Serial No. : 



New 



Filing Date: 



November 21, 2 001 



For: 



TETRAMIDES OF A GADOLINIUM COMPLEX AND APPLICATION 
IN MEDICAL IMAGING 




Commissioner for Patents 
Washington, D.C. 2 0231 

Sir: 

Prior to initial examination, please amend the above- 
identified application as follows: 



On page 1, immediately following the title, please insert the 
following sentence: --This is a 371 of PCT/FROO/01382 filed May 
19, 2000, the disclosure of which is incorporated herein by 
reference-- . 



Please cancel claims 1 through 8 and add new claims 9 through 16 
submitted herewith as on attached sheets. 



XN THE SPECIFICATION 



XILTHE CLAIMS 




9. Contrast agent fcx medical imaging, characterized 
in t:hat it ccnrorises a Tracemic cQtapound of formula A 

CCNHE I 

-OjC- -^N K^V 

L ^\ 

in which R is a phenyl gro-up or (Cx-Cg) aiJ^yl group 
which are substituted or interrupted by one or 
more groups salecfed from the group consiating of 
phenyl/ alkyl, oxy^ aiuino and amido groups, which 
may or may not be substituted by alkylj. 
it being possible for the phenyl groups alao to be 
substituted tiy oxie or more groups selected from 
the group selected from OH, Br. CI, I, (Ci- 
C8)alkyl, (Ci-Cg) alkylenaoxy, NR^%, NK^CORy, 

CONR^Ry and COORx, 'Rye and I^y being (Ci-Ca)^lkyl or H", 
and it being possible for the linear or branched 
or cyclic alkyl groups to be hydro:Kylated, 
and the salts of this acid with a physiologically 
acceptable inorganic or orgemic base* 



10. Contrast agent according to Claim 9, for which R 
is a group of formula 




in which 

X is Br or I, Ri is H, (C1-C3) alkyl or (C.-Ce) raono- 
or polyhydroxyalkyl and is (Cs-Cg) mono- or 



polyhydroxyalkyl; or else Ri is H and Ra is a grcup 
of formula 



X being as defined above and i and R'^ taking any 
one of tha meanings given for Ri and R2/ with tha 
exception of A, it iD^lng understood that -C0-]SERiR2 
ox -CC-NR^xR's comprise at least two hydroxyl 
groups, and its salts with a physiologically 
'accepta^ble inox-^a.nic or organic base. 

Contrast agent according to Claiir. 9, ■ for which R 
is a group of formula 




in which a is 1 or 2 , 

Z Is selected from the group consisting of a bond, 
CH2, CHsCOMi and (CH2)2NHC0, 

is selected froin the group consisting of a 
bond, O, NQ/ CH2, CO, CO-NQ, NQ-CO, NQ-CO-NQ 

and CO-NQ-CH;£-GOHQ, 

Z"'is selected from the group consisting of CO-NQ, 
NQ-GO, CO-NQ-CH2-CO-NQ and NQ-CO-CH2-NQ-CO, 
with Q being H or an optionally hydroxylated 
(c:i-C4) alkyl group, 

R^-r and Rsr independently of one another, 

are selected from the group consisting of H, Br, 
CI, I, CO-NQ1Q2 or N(Qi}-C0~Q2, anci Qi and Q3. ^-viiicJi 
sre idencxcal or different, are selected from the 
group consisting of optionally hydroxylated 
Cgjalkyl groups optionally interrupted by an 
oxygen atorUr so that Qi and Q2 together comprise 




X 



A 



X 



from 4 tQ 10 OH garoupg^ 

it being •'anderstood that at ieast 1 and at most 2 
^1/ ^2;-. 5^3^ R4 ^2ad R5 groups are amide groups. 



12. Contrast agent according to Claim 11, in which R is 
a group of foirmula 

^CaN[CMj(CH0H),CH2OH]j 

13. Process for the preparation of a racemic compound 
of xormula A as defined in claim 1 

which consists: 

1 - in keeping an aqueous solution of the mixture 
of the stereoisomers of the gadolinium complex of 
1/4,7, 10~tetr5Lasacyclododecane-X, 4,7, iQ-tetra (2 - 
glutaric acid) ^ with a pH of between 2 and 4,5, at 
a temperature of greater than 7Q'C for a few hLOurs 
to a few days, 'so as to obtain the racemic mixture 
of octaacid3 of formula: 

co,H 

I Gd3* J 

<( \-i V"''''^ 

CO-2 \^ 

2 - in reacting this mixture with the amine HIiiHa, 
R. being defined as in claim 1 , with an agent 

which activates the acid f-unctional group. ' 

14. Process according to Claim 13^ in which the 
solutian of compiexed bctaacid is maintained at 





its reflux temperanura for 35 to 4:: hours at pH 3 . 
15. Racernic ccrrpound, for which R is a group of 



in. which a is l or 2, 

Z is selected from the group consisting of a bond, 
CH2. CH2CONK and (CHs)2NHC0, 

i3 selected from the group cor^eisting of a 
bond, 0. NQ. CK2. CO, CO-NQ, NQ-CO, 

NQ-CO-NQ anf C0-1?TQ-CH?-C0]^Q, 

Z'' is selected fr-oin the g^roup consisting of a bond 
CQ-NQ, NQ-CO, C0-NQ-CH2-C0~NQ and NQ- CO-^CH^-NQ-GO, 
with Q being or an optionally hydroxylated 

(Cx-C4 ) alkyl group , 

Rx/ Rsr R4 and Rs. independently of one anotihsr, 

s.re selected from the group consisting of H, Br, 
CI; I , CO -NQiQs and N ( Q^, ) - CO - Qj , and Qi and Q2 , 
which are identical or different, are selected 
from optionally '''hydroxylated (C2-C5)alkyi groups 
optionally interrupted by an o^cygen atom, so that 
Qi and Q2 together comprise from 4 to 10 OH groups, 
it being understood rhat at least 1 and at mo^t 2 
Rx, Ra, R3/ R* and R5 groups are amide groups. 

16. Raceruic cotnpound according to Claim 15, in which R 
is a group of formula 





-gr C0W£GH^(CHOH)^CH^qhl2^ 



■ CH^COKK 




The foregoing Preliminary Amendment is submitted to eliminate 
multiple dependencies and in order to place the application in 
better form for examination. 

Early action on the merits is respectfully requested. 



400 Seventh Street, N.W. 
Washington, D.C. 20004-2201 
(202) 638-6666 

Atty. Docket: P67341US0 
Date: November 21, 2001 
WEP/cmf 



Respectfully submitted, 




JACOBSON HOLMAN PLLC 
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TETRAMIDES OP A GADOLINIUM COMPLEX' AND APPLICATION _IN 



MEDICAL IMAGING 



Ttie present invention r*elates to tetramides which, are 
derived from the pair of RRI^/SSSS enantiomers of 
tetra(a-carboxyethyl) gadoterate, represented by the 
formulae 





-OjC / 'OjC N-^ 

I / wn r. — ^ N_ 



CO3H / ^O^H 



10 It is disclosed m EP 0 661 273 that the amides of 
formula II 

-OOG COOH 

i ^ 

RHNOC(CH2)2HCv^ ^ CH.(CH^)2C0NHR - 

'OOC COO^ 

in which R is a bulky hydrophilic group with a 
molecular mass of greater than 200, exhibit a 
15 longitudinal relaxivity r^ which is, markedly superior 
to those of the chelates not carrying the bulky side 
group (CHs) 2CONHE and can be used as contirast agents in 
magnetic resonance diagnostic imaging. 

20 WC 97/01359 relates to the products of formula II xn 
which R is a group of formula 
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X CO-NR.R, 

\ — 

X CONR^Rj 

Application EP 98 403108 of 9 December 1998 relates to 
. the products of formula II in which R is the following 
5 group 

It is knowTi that the ^relaxivity r± of a- gadolinium 
chelate is a cornplex function of various more or- les3 

10 independent factors, including the electronic 
corjrelatioxi time^ rotation correlation time a,nd water 
excha-nge time^ which factors depend in particular on 
the spatial structure of the chelating agent around the 
paramagnetic cation, so that 2 stereoisomers can have 

15' substantially different rela;?civit ies . 

Furthermore, it is essential for the specific 
characteristics of a pharmaceutical product to be 
reproducible in terms of effectiveness and of toxicity 
2 0 between successive manufacturing batches and it can be 
difficult to ensure such reproducibility in the 
presence of numerous stereoisomers because of their 
subBtant:ial differences in chemical reactivity and in 
physical properties. 

25 

It vras thus desirable to find a process wnxcii maKes it 
possible, at the industrial stage under ^ acceptable 
economic conditions-, to obtain a mixture of 
stereoisomers of the amides of formula II in exactly 
30 defined proportions- and thus to isolate, with good 
yields, one of the possible racetuic compounds "Which 
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does not coKiprise the other stereoisomers and which 
e^chibitis an advantageou3 rel^i^ity r^ in t^he rang^ of 
the fields .currently used clinically, namely between 
0,5 and 1-5 tesla. 



Ttie racemic compoutids according to the in-vention are 
represented by the forniula III 



CONWR 




CONHR 



-ox 



CONHR 



'0,C 



RHNOC 



CONHR- / 



CONKR 



10 



15 



20 



in wliich R is a phenyl group or (Ci-Cg) alkyl group 
which are substituted or interrupted by one or more 
groups selected from plieiiyl, alkyl, oxy, amino or amido 
groups, which may or Tnay not be siibstituted by alkyl, 
• it being possible for the phenyl groups to be 
substituted by OH, Br, CI, I, (Ci-Cs) alkyl, 
(Ci-Cs) alkyleneoxy, NO?, NHx^^y/ NRxCORy, CONR^Ry or COOR«, 
R,, arLd Hy being (Ci-C3)^lkyl or H, 

and it being possible for the linear or branched or 
cyclic alkyl groups to be hydroxylated, 

and the salts of these acids with inorganic or organic 
bases, such as NaOH, KOH, N-methylglucamine , tris- 
(hydroxymethyDaminomethane, lysine or diethanolamine. 



25 Prefeirence is given, among these, to the 'compounds m 
which 

R is a group of formula 

X CO-NR.R2 

-CHj-CO^NH — C 



in which X is Br or I, Ra is H, (Ci-C3)alkyl or 
(C2-Ca)Tnono- or poiyhydroxyalkyl and is (Ca-Cajmono- 
or poiyhydroxyalkyl, or else Ri is H and R3 is a group 
of formula 




-CH^-CO-NH 

X being as defined above and R' 1 and R'2 taking any one 
of the meanings given for Ri and R2/ with the exception 
•of it being understood that -CO-ISIR1R2 or -CO-HR'iR'i 

comprise at least two hydroxyl groups, 
and those in which R is a group 




in which a is 1 or 2 , 

Z is a bond, CK2CONH or (CK2)2NECO, 

is a bond, o, S, CH^, CO, CO-NQ, NQ-co, m-co-m 

or CO-NQ-CHs-CONQ, 

Z" is GO-NQ, NQ-CO, CO^NQ-CHs-CO-NQ or NQ-CO-CH2-NQ-CO. 
with Q being H or an optionally hydroxylated 
(Ci-C4)alkyl group, 

Ri^ R2/ 1^3/ R4 R5/ independently of one another, are 

selected from H, Br, CI, I, co-^QiQ^ or N(Qi)-C0-Q2, and 
Qi and Q2r which are identical or different , are 
selected from optionally hydroxylated (C2-Q) alkyl 
groups optionally interrupted by an oxygen atom, so 
that Qi and together comprise from 4 to 10 OH groups, 
it being understood that at least 1 and at most 2 Ri, 
Rs/ 5^3/ an<i R5 groups ^re a.mid.e g2ro\ips ^ 

The racemic compounds of the invention can be prepared 
by a method known per 3e by reaction of the amine RHH2 
with the pair of complexes of the enantiomeric 
octaacids of formula I in aqraeous solution wirh an 



_ 5 - 



agent which activates carboxyl functional groups under 
convencionsl conditions for peptide condensations^ as 
disclosed in the abcvementioned patents, for mixtures 
of isomers. 

Seme of the isomers of 1, 4, 7, l0-tetraazacyclododecane- 
l;4r 7^ 10-tetra C2-glutaric acid)/ obtained loy hydrolysis 
of the corresponding ethyl esters, separ^ited by silica 
licjuid chromatography and crystallisation from water, 
10 have heen described by Judith A.K, Howard et al - in 
Chem- Commun., 1381-1382 (1998). 

A process which can be operated industr-ially has now 
been found which makes it possible to obi;ain the pair 
15 of RRRR/SSSS enantiomers starting from the mixtui^e of 
the stereoisomers of the gadolinium complex of this 
octaacid resulting from the substitution, by a 
conventional methods of the nitrogen atoms of l,4,7vlO- 
tetraasacyclododecane. It consists in carrying out the 

2 0 i3omerization by simple heating in aqueous solution at 

acidic pH^ preferably berween -2 and 4.5 and better 
still beween 2.5 and 3.5, and at a temperature of 
greater than 70^C, preferably of greater than 90 °C and 
better still at reflux of the solution^ for th^ time 
25 needed to obtain the racemic compound of the invention, 
i.e. from a few hours to a few days, in particular 35 
to 45 hour a at reflux at approximately pH 3 . 

The starting mixture of the stereoisomers can be 

3 0 obtained by the action of "the compound of formula 

R'QOC-CHX^ (CH2)2-COOR' , in which - H or (Ci-C3)alkyl 
and .X is a leaving group in a nucleophilic 
substitution, in particular a halogen atom, preferably 
bromine, or a sulphonate or tosylate or triflate group, 
35 which reaction i© followed by the hydrolysis of the 
ester functional groups ^ in particular by the action of 
an alkaline carbonate or hydroxide in an alcoholic , 
aqueous/alcoholic or aqueous medium. 
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A person skilled in the s.:rt will ^ select, during 
prelimixiary trials ^ the cor}centration of the solution, 
the pH/ the^ temperature anc5 the dur^cion of the heating 



5 significant decompositiojii. in particular according to 
tile product and the amount treated. 

It is surpx-isin^ that^ under these conditions/ the 
chelaite is not * decomplexed and that the decomposition 

10 of the ligand is negligible and that; in addition, the 
pair of enantiomers which is finally isolated comprise 
leas than 15% of the 3 pairs formed on conclusion of a 
con-ventional ^ synthesis, which consists in hydrolysing, 
in basic medium, the product obtained by reaction of 

15 ethyl 3 -bromoglutarate with the heterocycle and in then 
carrying out its complexation by the action of GdCls or 

ThuS/ according to another of its aspects, the present 
2 0 invention relates to a process comprising the stages 
consisting: 

1 - in keeping an a^queous solution of the mixture of 
the stereoisomers of the gadolinium complex of 
25 1,4 , 7, 10-tetraa;sacyclododecane-i,4, 7,10-tetra (2* 

glutaric acid), with a pH of between 2 and 4.5, at a 
temperature of greater than 70 °C for a few. hours to a 
few days/ so as to obtain the racemic mixture of 
octaacids of formula: 



in order to carry out complete Xisomerisation without 



30 




I 
,/- 



COjH 



/ 



CO,H 
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2 — in reacting this mixture with the amine HNH2/ R 
being defined ai^ove for the formula III, wirh an agent 
which activates the acid functional group. 

The starting mixture of the stereoisomers of the 
go.dolinium complex of 1,4,7^ 10-tetraasaoyclododecane- 
1^4^ 7, XO-tetra (2-glutaric acid) of formula: 




CO2H 



10 can be obtained in a simple fashion by employing a 
process comprising the stages consi3ting in; 

- reacting 1, 4 , 7 , 10-tetraazacyclododecane with a 
compound of formula OOC-CHX (CH2) in which R' is 
a hydrogen atom or (Ci-C3)alkyl and X ie a leaving 

15 group; 

- conventionally hydrolysing the e^ter functional group 
of the resulting compound when R' is other than H; and 

- complexing the compound thus obtained with the 
gadolinium ion- 

20 

Mention may be made, ae leaving group which can be 
used, of the sulphonate, tosyiace and triflate gr*oups. 

The - invention also relates to compositions for nuclear 
25 magnetic resonance medical imaging which comprise the 
racemic compounds' of the invention in combination with 
conventional vehicles and additives. The doses at which 
these contrast agents will be administered depend on 
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their magnetic efficiency, or. their biodistribution and 
on their administratiioxi route ^ as on th^ size of the 
subject^ on- the organ to be observed and on the nature 
of the pathology. For exi intravascular administration, 
5 th^ unit concentration will be between o,S and 5 vm for 
, an adults presented in aqueous solution. 

In that which follow's, examples of the preparation of 
the compounds of the Invention are described. 
10 , 

The isolated - products are characteri^zed by their 
retention times (tr) in high performance liquid 
ohroma'tography (HPLC) , Their molecular masses were 
determined by mass spectrometry ( elect rospray) . 

15. 

Example 1 

Compound of formula II in which 

. Br 0On\CH^iCHOH)j:iH^QH]^ 

R=CH^CONH-r V-8r 

bV ^CONICH2(CHOH),CH20Hl2 

2 0 A. Gadolinium chelate of 1, 4, 7, 10-tetraa;^:acyclo- 

dodecane-l,4,7,.10-tetra{2-glutaric acid) (mixture of 
the 6 di astereoisomers) . 

1, - 30 g of sodium carbonate ^nd then 78 g of ethyl 2- 
25 bromoglutarate, prepared, for example, as described in 
Acta Chim. Acad. Sci. Hung., 41(3), 331-6 (1564), are 
introduced into a solution of 23 g of 1,4,7,10- 
tetraa^acyclododecane in 280" ml of acetonitrile . The 
medium is brought to its reflux temperature for one 

3 0 day, during which 78 g of tiie larominatea aeri^^ti^^ 

with - 30 5 of sodium carbonate are added on two 
occasions- After cooling, uhe precipitate is filtered 
off and the organic pha^e is washed with water before 
being extracted with a dilute aqueouB hydrochloric acid 
35 , solution. The aqueous phase, brought to approximately 
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pH 3-4^ is subsequently extracted with, toluene^ 

The desired product is purified by Silica 
ctiromatography/ elation being carried out with 
5 methylene chloride/ opt:iona.lly as a mixture with 
acetone . 

2. - Hydrolysis of the ester fuxictional groups: 

10 46 g of the octaester are introduced intb a solution of 
52 ml of ethanol and 350 ml of water, to which 50 g of 
NaOH pearls have been added. 

After stirring for two days at dO'^c, 50Q ml of cation 
15 exchange rssin in the weak acid form are introduced 
into the cooled solution for neutralization and rhen, 
after separation of the solid phase^ 500 ml of anionic 
exchange resin in the strong base form are introduced. 
The resin is separated and inrroduoed into 500 ml of SN 
20 acjueo-ms acetic acid solution; the final product, which 
has passed into solution; is isolated in the form of a 
powder by evaporating the solvent iinder vacuum. 
HPIiC; 25 cm "X mm column of Nucleosil® C18 - 100- 

5 Mm silica gel. 
25 Sluent: aqueous H2SO4 (0.1%) for 10 minutes and then 
with 0 to 10% ,(v/v) of CH3CN over 10 minutes 
flow rate = 1 ml/min; T 25=^0; 

tr = 5.4, 8.7^ 10-2 and 14 minutes (isomers) 
{CH3COOH - tr ^ 4, -5 minutes) . • 

30 

3. - Complexation; 

with gadolinium o;x:ide; 0.47 3 of gadolinium oxide is 
introduced into 3 0 ml of a solution, at a pH of 5 . 5 to 
35 6, of 2 g of the preceding octaacid and the mi:5cture is 
maintained at 80 °C for 3 hours, during which the pH is 
adjusted, if necessary. The medium is filtered, 
concentrated to a third and then poured into 10 0 ml of 
ethanol. The precipitate' formed can be purified by 
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t^reatment with a weak basic rssin before another 
precipitation from ethane 1 . 

With gadolinium chloride: the mixture of 6.5 g of the 
5 octaacid ^nd 3*5 g of GdCls'^HsO- ±n 130 ml of water is 
brought to pH 6.5 by addition of aqueous NaOH (ii^r) and 
is brought to 60 for 2 hours, during whioh the pH is 
•maintained at ^,5 by addition of a total of 21 ml of IN 
aqueous NaOH, After a few hours st ambient temperature, 
10 the mixture is concentrated to 25 ml and the final 
product is precipitated from 25 0 ml of CzHsOH before 
being purified. 

HPLC: 2 5 cm x 4 mm Symmetry® - RP 18 - 5 /xm column 

(Waters^) 
IS UV detector at 2 00 nm 

mobile phase: 0.a37N aqueous H2SO4 with CH3CN gradient 

(from 0% to 20% over 60 minutes) ; flow rate 1 ml/minute 
paxr of isomers (a) (30%)^^ tr ^ 28-32 minutes 
pair of isomers (b) (65%)*- tr « 32-3S minutes 
20 P^ir of isomers (c) (5%)* tr « 37-41 minutes 

* percentage in the mixture , expressed with respect to 

the areas under the curve - 

3. l3omerization of the preceding mixture: 

25 

A solution of 10 g of the 'preceding mixture in 100 ml 
of refluxing water is acidified by addition of HCl (IN) 
to pH 3 , , After. stirring for 42 hours at this 
temperature^ the solution is concentrated under reduced 
30 pressure to a volume of 10 ml and " left to return to 
ambient temperature, S g of precipitated final product 
are isolated by filtration, which product comprises a 
trace of isomers (b) . It can be purified by 
recrystallization from water. 

35 

If heating is carried out at only 80 3 0% of the pair 
(b) still remains after heating for 150 hours and 10% 
still remains after 400 hours. 



- 11 - 



0,4$ g of the pair ox isome:rs obtaixied above and 2 g of 
N,N^-bis(2;3,4,5,6 -pent ahydroxyhexyl ) - 2 , 4 , 6 - t r ibromo - 5 - 



WO 97/01359) ^rs dissolved in 8 rul of water, and a 6N 
acjueous NaOH solution is poured into the medium to pH 6 
before introducing, at 40 ^Cr 0,48g of l-(3- 
dimethylstininopropyl ) -3 -ethylcarbodiimide hydrochloride . 
10 The medium is maintained at 4 0*C for 2 hours with 
Stirring while introducing ^ from time to time, an N 
aqueous NCl solution in order for th^ pH not to e:?cceed 

IS After returning to ambient temperature^ th.e solution is 
poured into 100 ml of ethanol and the precipitate 
formed is isolated and then dissolved in 100 ml of 
water to 'produce a -solution. This solution is subjected 
to tangential ultraf ilT:ration through a polyether- 

2 0 sulphone membrane, the cutoff threshold of which is l 
Kdalton, in a Minisette^ cell sold by Filtron®, USA. 

After lyophilizatlon, 1.5 g of the final product are 
isolated in the form of a whits powder^ 
2 5 HPLC: 25 cm x 4 ram Symmetry® - RP IS - 5 ' column 
(Waters®) 

UV detector at 230 nm 

mobile phase: 0,037]Sf aqueous H2SO4 with CH3CN, gradient 
from $9/1 to 90/10 (v/v) over 25 minutes, flow rate 
30 1 m.l /minute, 



5 (glycylamino) isophthal amide 



(compound iid 



of 



tr = IS to 20 minutes , (several peaks) . 



Example 2 



35 Compound of formula -lI in which 




R^CH,CONH 



" Br 



CON[CH2(CHOH)^CH^OH]2 
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A. N,N' -bis (2,3,4,5, S-pentahydroxyhexyl) -2,4, 6-tri- 
bromo-5- (4- [4- (aminoacetamido) t^ensamido] ben^oylglycyl- 
ainino) isopht-halamide , ■ 

5 (a) 4- [4-Nitrobe33.2amido] benzoic acid; 

100 g of 4-nit2rcbenzoyl chloride are introduced/ little 
by little^ into 74 g of 4-arainobensoic ^cid and 350 ml 
of dimetnylacet amide while maintaining the temperature 
10 at lass then 25^C- After stirring for 24 hours, 50 0 ml 
of methylene chloride are added at lO'^^C to precipitate 
th© desired product. After washing with water and 
drying; 145 g of product are isolated, 

IB (b) 4- [4 -Aminobenzami do] benzoic .acid; 

A suspension of -136 g of the 'preceding acid in 1.8 
litres of water, to .which 240 ml of IN aqueous NaOH 
solution and 14 a of palladium- on- charcoal (10%) have 

20 been added, is subjected to a hydrogen pressure of 
Q.S HPa for 4 hours. The pK of the final suspension is 
then brought to approximately 10 before filtering 
through Celite^ to remove the catalyst. The precipitate 
formed during the acidification of the filtrate to pH 

25 5,3 is isolated and dried. 

w - 106 g; M.p. > 260°C. 

(c) 4- [4- (PhthaliTnidoacetamido)benzamidoJbensoic acid: 

30 32 ml of thionyl chloride are introduced dropwise into 
a solution of 90 g of phthalimidoacetio acid in 4 00 ml 
of dimethylacetamide at 1Q°Q and then, after stirring 
for 3 hours, 105 g of the amino acid obtained above are 
introduced at a temperature of less than 2 0^C, j^Lfter 

35 stirring for 12 hours, the medium is poured into 
4 litres of water and the isolated precipitate is 
washed with hot water. 

Weight after drying; 17 S g; ,M,p. > 260^0.. 
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(d) Chloride of the preceding acid: 

2.5 ml of thionyl qhloride are introduced into 10 g of 

che acid, in suspension in 50 ml of dioxane and 1 rul of 

5 ditnetihylformamide. and the mixture is kept stirred at 

5Q°C for 5 hours. After "addition of one vQluine of 
diisopropyl ethex/ 10 5 of precipitate «re isolated. 

The acid can also be suspended in toluene with 
10 txicaprylylmethyl ammonium chloride as catalyst. 

(e) -Bis (2,3,4,5x€-pentahYdroxyhexyl) -2,4, 5- 
tribroTno-5- (4- [4- (phthaliinidoacetamido) benzamido] - 
benzoyl glycyl amino) isophthalamide : 

15 

A solution of 2,25 g of acid chloride with 5 g of N^N'- 
bis (2;3 , 4, 5, S'-pentahydroxyhexyl) -2,4, 6-tribrotrio-5- 
(glycylamino) i^cphthal amide and 0.7 ml of tri ethyl amine 
in 25 ml of N-merhylpyrrolidone is kept stirred for 12 
20 hours; the (C2Hs)3N^HCl precipitate is then separated by 
filtration. 

. (f) Hydrazinoiysis: 

25 A solution of 1,4 equivalents of hydrazine " hydrate in 
$ ml of water is introduced into the preceding 
phthaliuiide solution at 70°C. After stirring for 2 
hours at 50 °C/ the cooled mixture is poured into 12 5 ml 
of ethanol- 9 g of precipitate are isolated^ from which 

3 0 the phchalylhydraside is separated by precipitation of 
an aqueous solution at pH 2^ before ultrafiltration at 
pH 6 through a polyamide membrane to remove the 
impurities of low mass. The final hydrochloride is 
subsequently isolated by lyophilisation - 

3 5 yield: 50% from, the acid chloride* 

HPLC: 25 cm X 4 mm Lichrospher® ' 100- A' CIS - 5 
column (Merck, Germany) . 

Eluent: CH3COOH in H2O (pH 3.3) and CH5CN . Oo/lO "v/v) ; 
flow rate 1 Ttil/min; 
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tx- « 22, 24 and 27 minutes (3 peaks) . 

B. 0.28 g of zlciB complex obtained in stage (B) of the 
preceding exaipple and 2 g of the hydraclaioride obtained 
5 in the preceding stage (A) are dissolved in 12.4 ml of 
water and the pH of the solution is brought to 6 by 
addition of H aqueous NaOH before adding 10 ml of a 
solution in dioxane of 0,2 g of 1- (3- 
dimethylaminopropyl} -3-ethylcarbodiimide hydrochloride 
10 and 0,024 g of hydroxybenzotriasole . 

The solution is then stirred for 4 hours at ambient 
temperature while maintaining its pH at approximately 
before being poured into 100 ml of ethanol . The 
IS precipitate formed is dissolved in 10 0 ml of water and 
the solution is ultraf iltered through a 
polyethersulphone membrane with a cutoff threshold of 
3 0 Kdaltons. 

2 0 After removing the solvent, 1.3 g of the desired 

product are obtained in the form of a white powder. 

HPLC: 2S cm X ^ mm 2orbax® - 3 00 SB - CIB - 5 /xm column 

(Hewlett - Packard) 

UV detector: 290 nm 
25 Bluent; aqueous CH3COONH4 (Q.Q05H) with a CHsC^ gradient 

{50/10 to 82/18) (v/v) over 60 min-ute^; flow rate 1 

ml/min; 

tr = 30 to -40 minutes (several peaks) . 
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Claims 
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10 



15 



1 . Contrast agent for jnedical imagingy characterized 
in that it comprises a racemic compound of formula A 

CONHft 




1 



RHNOC- 



00\ 



'4 X / "It 

• CONHR 

in which. R is a phenyl groiip or (Ci-Ce) "alkyl group 
which are substituted or interrupted by one or 
more groups selected froin phenyl, alkyl, oxy, 
ajnino or amido groups, which may or may not be 
sxibstituted by alkyl, 

it being possible for the phenyl groups also to be 
s-ubstituted by ■ OH, Br, Cl, I, (Ci-Gs) alkyl , 
{Gi~C8)alkyleneoxy, NO2, NK^^^y, NKxCORy, QONR^Ry or 
COORx/ Rx and Ry being (Ci-Ca>alkyl or H, 
and it being possible for the linear or branched 
or Cyclic alkyl groups to be hydroxylated, 
and the salts of this acid with a physiologically 
acceptable inorganic or organic base. 



20 



25, 



Contrast agent according- to Claim 1, for which R 
is a group of formula 




CO-NR,R2 



in which 

X is Br or I, Ri is H, (C1-C3) alkyl or (C2-Cg)monO" 
or polyhydroxyalkyl and R2 is (C^-Celmono- or 
polyhYdro?;yaikyl, or else Ri is H and R2 is a group 
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of formula. 

-CHj-CONH— / V-X A. 

X t>eing as defined above and R'l and R'2 taking any 
one of the meanings given for Ri and R3, with the 
exception of Ar it being -understood that -CO-NR1R2 
or -CO-lSFR'iK'2 comprise at least two hydroxy 1 
groups, and its salts with a physiologically 
acceptable inorganic or organic base- 

Contrast agent according to Claim 1, for which K 
is a group of formula 




in which a is 1 or 2, 

Z is a bond, CH2, CH2CONH or (CHalaMfCO, 

Z' XB a bond, O, NQ, CH^, CO, CO-NQ, D^Q-CO. 

N(2-CO-NQ or CO-NQ-CHa-CONQ. 

is CO-l^Q, NQ-CO, CO-NQ-CH2-CO^NQ or 

with Q being H or an optionally hydiroj^^ylated 
(Ci~C4)alkyl group, 

Ri, R2/ Rs/ R4 and Rs, independently of one another, 
are selected froiti H, Br, CI, I, CO-NQ1Q2 or NiQj- 
G0-Q2/ and Qi ^nd Q2, which are identical or 
different, are selected from optionally 
Hydroxy- la ted (C2-C6)alkyl groups optionally 

interrupted by an oxygen atom, so that Q% and Q2 
together corrprise froia 4 to 10 OH groups, 
it being understood that at least 1 and at most 2 
Ri, R2. R3, R4 and H5 groups are amide groups. 
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4. Contrast agent acqoxding to Claim 3, in wliicli K is 
& group of foxiaula 



Br CDN[CHs(CH0H)^CH5OH]^ 
CH,CONH-<^^yCONH^^CONCHXONH--^^ 

SV' C0N[CH5(CH0H)^CHpH]2 



5 ■ 5 - Process for the preparation of a racemic comcpoimd 
of formula A as defined in one of Claims 1 to 4, 
wtiich consists: 

1 - in keeping an aqueous solution of the mixture 
10 of the stereoisomers of the gadolinium coiD^plex of 

1, 4, 7, lO-tetraazacyclododecane-l, 4,7. 10-tetra (2- 
glutaric acid) , with a pH of between 2 and 4.5, at 
a terrqperature of greater than VO^C for a few hours 
to a few days, so as to obtain the racemic mixture 
15 of octaacids of formula: 




COjH 



, 2 - in reacting this mixture with the amine RNH^, 
R being defined as in Claims 1 to 4, with an agent 
20 which activates the acid functional groxip. 

6. Process according to Claim 5, in which the 
solution of complexed octaacid is maintained at 



its reflux temperature for 35 to 45' hours at pH 3 . 

Racertu-c compo-und, for which R is a group of 
f onroxla 
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z 




a 



10 



15 



20 8, 



in which a is 1 or 2, 

2 is a bond, CH2, CH2COWH or (CHalzNHCO, 

Z' is a bond, 0, S. NQ, CH2, CO, CO-NQ, NQ-CO, 



7/' is CO-ISTQ. ISTQ-CO, CO-NQ-CHa-CO-MQ or 
NQ-'CO-CH2-NQ-CO, 

with Q being H or an optionally hydroxylated 
(Ci-C4)al]cyl group, 

Ri. ^2. 1^3/ and Rs, independently of one another, 
are selected from H, Br, CI, 1/ C0-NQ:iQ2 or N(Qi)- 
CO-Q2, and Qi and Q2, which are identical or 
different, are selected from optionally 
hydroxylated (Ca-C^Jalkyl groups optionally 
interrupted by an oxygen atom, so that Qi and Q2 
together comprise from 4 to 10 OH groups, 
it being understood that at least 1 and at most'^ 
Rir R^/ S.4 and R5 groups are amide groups, 

Racemic compound according to Claim 7, in which R 
is a group of formula 



NQ-CO-KTQ or CO~NQ-CH2-C03SJQ, 




gr CONtCHjtCHOHD^CHjOHla 



bV CONICH2(CHQH)4CH-tOH5, 
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